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X-ray diffraction ana lysis w a s done on the m e mbra n e 
couplets is ola t e d from n ewborn mouse s tratum corneum. 
The sam e lipid r efl ections w er e observe d for whole s tra-
tum corneum and couple t s, a dding fur ther support to the 
thesis that s tratum corneum lipid is inte rcellular in lo-
cation rather than a ssociated with the intracellular fila -
m entous prote in. 
The epidermis is a constantly renewing tissue whose principle 
fun ction is to form the stratum corneum which acts as t he 
mechanical and chemical ba rrier of the skin. Control of diffusion 
of chemical substa nces into and ou t of the body is determined 
in par t by the highly organized spa tia l arrangement of cells as 
well as by t heir content of protein and lipids. P reviously re-
por ted x-ray diffraction analyses of stretched human stratum 
corneum revealed a uniquely oriented lipid with 4. 15-A merid-
iona l reflection [1]. S ince the lip id was extracted wi t h polar 
solvents, it was thou ght to be polar in na ture, while x- ray 
diffraction studies of isolated crude fi brous protein suggested 
that the lipid was closely related to keratin filaments. 
More recent morphologic and histochemical studies of the 
stratum co rneum suggest that the lipid in this t issue is inter-
cellula r rather than int racellular in location [2,3], consisting 
primarily of glycosphingolipids a nd neutral lipids [ 4,5]. Since 
these resul ts appeared to conflict with the earlier x-ray diffrac-
tion studies, we have repeated these x-ray analyses on stratum 
corneum membrane couplets, isolated by a procedure t hat t raps 
the intercellular lipids between membrane pairs [6], as well as 
on the lipids isolated from them. 
MATE RIALS AND M ETHODS 
Intact outer epidermal sheets were obtained from 100 neonatal mice 
2 h after in tradermal injection of the staphylococcal epidermolytic 
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toxin [5], and these were incubated with a 0.5% t1-ypsin in phosphate-
buffered saline for 2 h at 37°C to remove residual granular cells. T he 
residual in tact sheets were then pulverized under liqu id nitrogen, re-
suspended in cold 0.03 M Tris-HCl buffer , pH 7.5, and passed through 
a cell disruptor (Stansted Corp., UK) at 20,000-30,000 lb/in2 • Attached 
cytoplasmic filaments were then digested with 0.02% subtlisin (Protease 
VIII, Sigma)) in Tris buffe r for 20-60 min at 4 oc [6]. 
Specimens fo r electron microscopic studies were fixed in glutaralde-
hyde and paraformaldehyde, postfixed in osmiu m te troxide and potas-
sium fe rrocyanide, and embedded in epoxy resin; thin sections were cut, 
stained with uranyl acetate and lead citrate, and photogt·aphed as 
previously described (6]. 
The membrane lipids were extracted with chloroform: 
methanol:water (2:4 :1.6, v,v,v) and separated into neutral lipids and 
glycosphingolipids on thin-layer chromatograms [5,7]. 
X-ray diffraction analyses were done in triplicate on a Debye-Scher-
rer powder camera with a 114-mm diameter Using Cu K., rad iation, l\ 
= 1.542. T he measurements were made by two individuals with a 
precision illuminated-fil m measuring instrument. 
FIG. 1. Membrane coup lets from neo-
natal mouse stratum corneum. Much of' 
the lipid is lost in processing, but trapped 
intercellular lipid can be seen as bilayer 
structures (arrows) as shown in the in-
set. Bars = 0.5 1-1m. 
R ESULT S AND DISCUSSION 
The membrane couplet preparation of stratum corneum (Fig 
1) was composed of 70-80% couplets a nd a Jesser pmpol"tion of 
single membrane strands. T here was no evidence of residual 
cytoplasmic material. 
T he total lipid extracts consisted of neu tral l ip ids and glyco-
sphingolipids with only trace amounts of phospho lipids. T he 
neutral and glycosphingolipids were extracted from appropriate 
regions of the chromatograms a nd evaporated to dryness under 
a steam of ni trogen. The membrane couplet preparations were 
over 50% lipid by weight and accounted for over 80% of all the 
lip id in the stratum corneum [6]. 
T he diffractio n data a re given in Table I w hich shows the 
reflections obser ved fo r each sample as well as t he relative 
in tensit ies wi thin any ind ividual sample. T he extracted lipid 
showed more refl ections t ha n the li pid in the intact tissue 
because of al tered crystallization of its coml?onents when sep-
arated fTo m the t issue. T he promi nent 4.15-A reflection, previ-
ously observed in human stratum corneum [1], was seen in 
whole mouse stratum corneu m, a long with a weaker reflection 
Ht about 3.75 A. Statistica l analyses using the Student t-test 
were clone only on t hese 2 refl ections because they were p resent 
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TABLE I. X-ray diffraction reflections of various samples 
Whole Membrane ToLal NeuLral Glycosphingo-stratum 
coupleLs lipid ex lracL lipid lipid corneum 
11.75 (m)" 
10.81 (w)" 10.66 (w)" 
6.98 (vw) 6.98 (vw) 
6.31 (vw) 6.26 (vw) 
5.76 (vw) 5.77 (vw) 
5.25 (vw) 5.22 (vw) 
4.93 (vw) 4.90 (vw) 
4.59 (s) 
4.159 (s) 4.153 (s) 4.173 (s) 4.169 (s) 4.195 (s)" 
3.749 (m) 3.746 (m) 3.769 (w) 3.807 (s) 3.888 (w) 
3.58 (m) 
3. 15 (s) 
2.83 (w) 2.83 (vw) 2.83 (vw) 
2.51 (vw) 
2.23 (m) 2.23 (vw) 
2.00 (vw) 1.99 (vw) 1.99 (vw) 
1.82 (w) 
1.58 (vw) 
1.41 (vw) 
1.29 (vw) 
The values in parentheses indicate intens ity: s =strong, m = medium, 
w = weak, and vw = very weak. 
"Diffuse. 
"Broad. 
in all samples and were Sl!fficie ntly in tense and sharp to warrant 
comparison. 
The values for these 2 reflections for the membra ne couplets 
were almost ide nti cal to those of whole tissue. The values of 
the reflections for the total lipid extract and glycosphingo lipids 
corresponding to the 4.15-A refl ection of whole tissue were 
statistically different from whole tissue and couplets with p < 
0.001. In the case of the approximately 3.75-A refl ection of 
whole tissue, the corresponding ones for the neutral lipids and 
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glycosphingolipids were significantly different with p < 0.001 
and 0.01 < p > 0.005, respectively. 
The 4.15-A reflection is a measure of the s ide-to-side sepa-
ration of the hydrocarbon chains of the lipid and is very 
sensitive to the environment of the chains, t he nature of any 
end groups, etc. [8]. It is not smprising that the pattern a nd 
value of the reflections of the whole lipid extract differed from 
the lipids of intact tissue considering that the latter can combine 
differently with each other and with protein. For similar reasons 
the purified neutral lipids and glycosph ingolipids gave different 
x-ray diffraction patterns. 
Since these data demonstrate that the 4.15-A reflection re-
sults fTom lipid membrane doma ins, they support morphologic, 
histochemical, and biochemical studies [2,3,5] suggesting t hat 
stratum corneum lipid is segregated primarily within the inter-
cellular compartment. Furthermore, the 4.15-A reflection can-
not be assigned to a specific lipid , but is a result of the pattern 
of crysta llization of a ll the lipids in the intercellular space. 
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